Introduction
During the last decade, building in wood has increased, mainly due to environmental awareness and targets to decrease the carbon footprint originated from the production of building materials. New technologies such as CLT (cross laminated timber) have accelerated the construction of multi-story wooden buildings. The CLT structure has been used both for housing and offices. Due to the extensive size of the buildings and relatively fast assembly of the buildings, weather protection has not always been used. It is commonly known that building materials sensitive to moisture need to be protected against high moisture conditions and water during construction. If this is not done, there is an increased risk of microbial growth which can result in health problems for future users of the building, extensive costs for the remediation and exchange of materials, but also lack of trust in the construction industry. There are disagreements between the building industry and researchers how sensitive wooden buildings are to exposure to high moisture levels and water during storage at sites and construction. Based on results from several research projects studying moisture conditions both in the laboratory and in the field, recommendations for procurement, storage and handling of wood during construction to assure moisture safety are suggested in this paper.
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The Nordic countries have a long tradition to build in wood. Wood is suitable for construction of buildings since it is a common, inexpensive, durable material with a long lifetime, if not exposed to extreme conditions. During the last decades many Swedish municipalities have shown increased interest in building in wood to strive towards ambitious environmental targets considering low carbon footprint housing. This has led to many national initiatives promoting wood for new urban developments, (Trästad 2018) and (Smart Housing Småland 2018) .
Due to the increased interest for wooden buildings by the market, new technologies based on cross-laminated timber (CLT) which gives a higher rigidity and strength to wooden structures have been developed, enabling the evolution of high-rise buildings. CLT panels are laminated wood products and systems based on prefabricated elements made of 3-7 perpendicular oriented layers of parallel boards glued together (Trästad 2018). The advantages of building with CLT are many from a lifecycle perspective, partly because of the low environmental impact (embodied energy), prefabrication, which means efficient production which reduces construction time, but also providing a better working environment and minimizing waste. The construction and technology are imported from Central Europe. Lately, a lot of attention has been paid to moisture issues, especially when CLT buildings are erected without weather protection. The suppliers claim that weather protection is not necessary, whereas the researchers fear that exposure to rain during erection might cause damages and problems with mould growth in the future. In some cases, it is practically impossible to arrange weather protection since the width and height of the construction would require very complicated fasteners to cope with the wind loads from the tent, Fig. 1-3 .
Many buildings in Sweden, both new and old, suffer from moisture-related problems causing both decreased durability and mould growth which may affect the indoor air quality with negative consequences on health. The National board of housing, building and planning in Sweden carried out
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Examples of moisture critical construction methods are multi-storey buildings constructed without weather protection and storing wood and insulation material wrapped in plastic sheeting at the building site
Fig. 2
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The left building is a multi-story wooden building assembled without weather protection and the right is a multi-storey building assembled with weather protection. Many buildings in Sweden, both new and old, suffer from moisture-related problems causing both decreased durability, mould growth which may affect the indoor air quality with negative consequences on health. The National board of housing, building and planning carried out a nationwide study of buildings' energy use, technical status and indoor environment, named the BETSI study. The material is unique, as it is based on investigations of a stochastic selection of 1800 buildings (Boverket 2009 ). The estimation was that approximately 66 per cent of all buildings in Sweden had some type of damage and 45 percentage of these damages were caused by moisture which could have an impact on the indoor environment. However, most shortcomings that were registered were not of a serious nature. The cost for remedying all identified damage and meeting needs for maintenance was estimated to between 230 and 330 billion SEK (approximately 23-33 Billion Euros), also including measures for decreasing noise levels in schools. In addition to high costs for remediation, the customers, tenants and users of the buildings lose confidence in the building industry when their buildings are exposed to moisture problems. These problems could have been avoided if moisture issues had been focused on and dealt with throughout the building process.
A method for including moisture safety in the building process (ByggaF) was developed ten years ago and is referred to in the Swedish building regulation BBR and is quite widely used in the Swedish building sector. The purpose of the method is to help all the stakeholders involved to work with moisture safety activities and to document them in a structured way. The method includes a number of routines, templates and checklists for clients to formulate requirements for moisture safety and to follow up and document the measures carried out by different participants. There are also tools for architects and design engineers, such as lists of references to literature, checklists and design examples to use for dry building design. For contractors, specific routines have been developed for moisture control during construction. The method has been applied to several building projects. Based on the experience from these projects, the method and the tools have been evaluated and revised, , ByggaF 2018 . ByggaF gives guidance on a very general level and does not provide advice on choice of design of constructions and materials or how to handle wood at the construction site. Thus, a specific guide for controlling moisture and mould in wooden constructions exposed to the outdoor climate is needed. A guide with recommendations, based on former research studies performed by the authors, is presented in this paper. Fig. 3a and 3b .
New office building with CLT (cross-laminated timber) framework assembled without weather protection.
Many buildings in Sweden, both new and old, suffer from moisture-related problems causing both decreased durability, mould growth which may affect the indoor air quality with negative consequences on health. The National board of housing, building and planning carried out a nationwide study of buildings' energy use, technical status and indoor environment, named the BETSI study. The material is unique, as it is based on investigations of a stochastic selection of 1800 buildings (Boverket 2009 ). The estimation was that approximately 66 per cent of all buildings in Sweden had some type of damage and 45 percentage of these damages were caused by moisture which could have an impact on the indoor environment. However, most shortcomings that were registered were not of a serious nature. The cost for remedying all identified damage and meeting needs for maintenance was estimated to between 230 and 330 billion SEK (approximately 23-33 Billion Euros), also including measures for decreasing noise levels in schools. In addition to high costs for remediation, the customers, tenants and users of the buildings lose confidence in the building industry when their buildings are exposed to moisture problems. These problems could have been avoided if moisture issues had been focused on and dealt with throughout the building process.
A method for including moisture safety in the building process (ByggaF) was developed ten years ago and is referred to in the Swedish building regulation BBR and is quite widely used in the Swedish building sector. The purpose of the method is to help all the stakeholders involved to work with moisture safety activities and to document them in a structured way. The method includes a number of routines, templates and checklists for clients to formulate requirements for moisture safety and to follow up and document the measures carried out by different participants. There are also tools for architects and design engineers, such as lists of references to literature, checklists and design examples to use for dry building design. For contractors, specific routines have been developed for moisture control during construction. The method has been applied to several building projects. Based on the experience from these projects, the method and the tools have been evaluated and revised, , ByggaF 2018 . ByggaF gives guidance on a very general level and does not provide advice on choice of design of constructions and materials or how to handle wood at the construction site. Thus, a specific guide for controlling moisture and mould in wooden constructions exposed to the outdoor climate is needed. A guide with recommendations, based on former research studies performed by the authors, is presented in this paper. a nationwide study of buildings' energy use, technical status and indoor environment, named the BETSI study. The material is unique, as it is based on investigations of a stochastic selection of 1800 buildings (Boverket 2009 ). The estimation was that approximately 66 per cent of all buildings in Sweden had some type of damage and 45 percentage of these damages were caused by moisture, which could have an impact on the indoor environment. However, most shortcomings that were registered were not of a serious nature. The cost for remedying all identified damage and meeting needs for maintenance was estimated to between 230 and 330 billion SEK (approximately 23-33 Billion Euros), also including measures for decreasing noise levels in schools. In addition to high costs for remediation, the customers, tenants and users of the buildings lose confidence in the building industry when their buildings are exposed to moisture problems. These problems could have been avoided if moisture issues had been focused on and dealt with throughout the building process.
A method for including moisture safety in the building process (ByggaF) was developed ten years ago and is referred to in the Swedish building regulation BBR and is quite widely used in the Swedish building sector. The purpose of the method is to help all the stakeholders involved to work with moisture safety activities and to document them in a structured way. The method includes a number of routines, templates and checklists for clients to formulate requirements for moisture safety and to follow up and document the measures carried out by different participants. There are also tools for architects and design engineers, such as lists of references to literature, checklists and design examples to use for moisture safety design. For contractors, specific routines have been developed for moisture control during construction. The method has been applied to several building projects. Based on the experience from these projects, the method and the tools have been evaluated and revised, , ByggaF 2018 . ByggaF gives guidance on a very general level and does not provide advice on choice of design of constructions and materials or how to handle wood at the construction site. Thus, a specific guide for controlling moisture and mould in wooden constructions exposed to the outdoor climate is needed. A guide with recommendations, based on former research studies performed by the authors, is presented in this paper.
Methods

Methods used to investigate moisture condition in Swedish wooden buildings
A few years ago, there were two large national research initiatives on durability in wooden buildings "Future Wooden Buildings" and "WoodBuild". The outcome of these projects was presented in a number of scientific publications but also as recommendations to the national building industry in Sweden. As part of the program, a number of field studies were made in order to increase knowledge on the hygro-thermal conditions that wooden buildings are exposed to during their lifetime including both construction and operation phase. Moisture and temperature conditions in wood were investigated in 24 prefabricated detached houses, three wooden house factories and two apartment buildings, (Olsson 2014) . Wooden sills frequently become wet due to rain during construction. There was however a disagreement between the wooden house industry and the researchers how much water is absorbed and how fast the moisture is drying out. Therefore, a laboratory study was designed in order to examine whether wooden sills and wooden studs can withstand short-term exposure to free water, before or after the wall design is closed up with tight layers, and whether there is any risk of mould growth, (Olsson and Mjörnell 2012) .
Moisture is not only a problem during the erection of wooden buildings but also during the use phase. During the last few decades well-insulated, rendered, unventilated and undrained stud walls have been very popular in Sweden. Unfortunately, this structure has shown to be sensitive to moisture, especially driving rain. Experience from surveys of more than a hundred buildings shows that the problem is that moisture enters the structure -for example, at joints, poor connections to windows and doors, or at fixing studs -wetting the materials inside the stud wall and causing mould growth. The damage is never visible on the surface of the wall but is hidden within the wall. The only way to detect the damage is to measure the moisture conditions inside the wall. A national survey was carried out in order to determine the extent of the problem and any connection to local climates, orientation, frequency and direction of driving rain, design of connections, type of plaster (thin or thick), and insulation material (mineral wool or cellular plastic) etc. (Samuelsson et al 2008) .
In addition to that, a number of mock-ups of rendered stud walls of existing and new designs have been tested in the laboratory, complemented by theoretical investigations of heat and moisture conditions in the walls. Complementary laboratory studies have been carried out to study how the water droplets enter different types of holes and slits and how different conditions such as pressure difference, the shape of the opening, surface material and dams affect the leakage. (Olsson 2018a , Olsson 2018b .
Results
Results from former research studies on moisture conditions in Swedish wooden buildings
The results from one of the investigations consist of data on exposure climates during the construction process, moisture ratios in wood and microbiological analyses of wood at all stages from storage at the factory until assembly at site. The conclusion from the study was that climatic conditions to which wood is normally exposed during the construction stage do not seem to contribute to the growth of mould, provided that the wood has not been exposed to free water or has been kept under damp conditions for longer periods of time at favourable temperatures. In this study, microbial growth was found on almost one-third of all the samples taken and elevated and high moisture ratios were found in one-third of all the samples. Since the exposure conditions depend to a very large extent on the weather conditions while the building is being erected and before it is weatherproof, the results also seem to indicate that wood can have collected microbial growths before it has reached the manufacturer's stores or production in the factory. The results of the field measurements at the building sites show that, regardless of the particular manufacturer, the most moisture-exposed and, at the same time, probably the most critical, part of the structure is generally the bottom edge of the outer wall and the sill. The risk of materials being damp, and of microbial growth, can however be reduced by appropriate changes to the method of erection and modifications of the design, or by better weather protection or coverage at the site (Olsson et al 2011) .
The results from the laboratory study on wooden stud walls show that all sill designs tested in the study were damaged by extensive mould growth if they were subjected to water for as short a time as one or three days. Mould growth occurred mainly on the material surfaces facing the direction in which drying-out was impeded by the moisture barrier, steel plates or other materials that were damp or impermeable to water vapour. The drying time for sills was at least three to six weeks, depending on the design. Many surfaces had no visible mould growth, but when examined under a microscope, the mould growth was extensive. This strengthens the view that microbial analyses are necessary in order to safely determine whether the wood is contaminated by mould. (Olsson and Mjörnell 2012) . The results from this study form the basis for the guidelines for the construction industry on how to design, use, and handle wood in exterior wall designs presented in this paper.
Recommendations based on research on moisture conditions in Swedish wooden buildings
In case unforeseen wetting or moistening occur: If there is any suspicion that wood or wooden constructions have been exposed for prolonged moistening or high relative humidity in the surrounding air, a microbiological analysis is needed, or the material needs to be substituted or planed. If the wood or wooden structure has been exposed to short-term shallow moistening caused by precipitation or other water, the moist surfaces of the wood should be dried out immediately, within one day, and be checked by moisture content measurements. If still moist, drying should continue followed by a microbiological analysis. An alternative measure could be to substitute the material or plane away affected parts. If the wood or wooden structure has been exposed for short-term but deep or long-term moistening (several days) precipitation or other water, the wood should be dried out and the drying process should be checked by measuring the moisture content. After finished drying, a microbiological analysis should be made to ensure that there is no presence of microbiological growth. Alternatively, the wood should be substituted, or the surface should be planed.
By the time the house is tight, and the surfaces are not in direct contact with outdoor air the following should be applied: The climate should be controlled. The moisture content in the indoor air should be restricted and additional moisture should be prevented by for example ventilation or dehumidification. Continuous monitoring of relative humidity and temperature is needed to control the amount of additional moisture and assure a sufficiently dry drying climate. Heating usually speeds up the evaporation of moisture from materials and could be a prerequisite for reducing the drying time in order to keep the time plan of construction. Increased temperature often leads to an increased moisture content in the air and risk of condensation or high moisture levels at cold surfaces or in air-leaky structures. Good air-tightness is needed to avoid moist air to penetrate through the wooden structure.
Perform moisture rounds at the building site, at least ones a week, proposed according to the routine in ByggaF (ByggaF 2018).
Discussion
The main problem with wood as a construction material is that it is sensitive to moisture and water causing mould and in several cases rot damages, as well as insect pests, which might cause indoor air problems but also structural failures shortening the lifetime of the building. During the construction phase, there is a high risk of microbiological growth if the wood is exposed to water. If the wood has been exposed to water or high moisture levels there the margins are small before mould starts to grow. At favourable conditions such as high temperatures and humidity, which is common during summertime, mould growth may start within a few weeks but if the wood gets wet, mould growth may occur within a few days. There are also risks for cracks due to shrinking when the wood dries, which may affect tight layers in the house. At low temperatures, the mould growth is slower but on the other hand, the drying out takes much longer time. Also, well-insu-lated buildings have a lower drying out potential than poorly insulated buildings. Drying of wood is quite slow, especially if the water has been sucked into joints or connections between wood and other materials. There is a disagreement in the construction sector whether it is necessary to use weather protection when assembling wooden buildings. On the other hand, there is no doubt that wood must be protected from moisture and water. To neglect wetting or moistening of wood during construction could imply costs for repairing damages which must be calculated for. Such damages also involve an increased cost for investigation, microbiological analyses, drying out, decontamination of surfaces or substitution of materials. If weather protection is not used, extensive control of moisture conditions and microbiological growth on wood constructions is needed to assure moisture safety throughout the construction time. The risk of damages can be reduced by using weather protection.
Conclusions
During the last decades, many Swedish municipalities have required building in wood to meet the ambitious environmental targets involving decreasing the carbon footprint. The advantages of wood construction may be jeopardized if subjected to discussions about moisture risks and increased costs and environmental impact due to a replacement of material in case of damages. The best strategy to assure a moisture safe construction is to make sure that wood is not exposed to water or long periods of high relative humidity, which means that moisture safe, robust structures, weather protection and moisture safe construction methods must be used. To neglect moisture safety could imply a high risk of damage with extensive costs for investigations, decontamination or substitution of material, and time delays as consequences.
